1. Background
=============

Tyrosinemia is an autosomal recessive hereditary disease resulting from elevated tyrosine in the blood. This disease is genetically and clinically divided into three types: type I, type II, and type III. These three types are different with respect to clinical manifestations and metabolic underlying enzymatic causes ([@A4624REF1]).

Tyrosinemia type I or hepatorenal tyrosinemia, the most severe form of this disorder, is caused by a genetic deficiency of fumarylacetoacetate hydrolase (FAH). Tyrosinemia type II or oculocutaneous tyrosinemia is caused by a deficiency of the enzyme tyrosine aminotransferase. Tyrosinemia type III or 4-hydroxyphenylpyruvate dioxygenase deficiency occurs because of an enzyme deficiency of 4-hydroxylphenylpyruvate dioxygenase ([@A4624REF2]).

Tyrosinemia type I causes development of severe liver disease in infancy, hypophosphatemic rickets, and neurologic crises. If left untreated, most patients die of liver failure in the first years of life, however treatment with 2-(2-nitro-4-trifluoromethylbenzoyl)-1, 3-cyclohexanedione (NTBC; Nitisinone) has become available since 10 years ago. It is much more effective when initiated early in life, which emphasizes on the importance of development of screening tests, to identify affected patients by newborn screening ([@A4624REF3]).

2. Objectives
=============

In this study, we tried to evaluate a rapid screening test on dried blood samples in neonates with different kinds of neonatal diseases including proven tyrosinemia type I, and compared the results of screening test with final diagnosis.

3. Patients and Methods
=======================

In this study, we collected whole blood samples from 100 neonates who have referred to our pediatric clinic during the study period (September 2013 -- September 2014) from 0.5 to 180 (15.9 ± 29) days old. All the patients who have received any kind of treatment have been excluded from the study.

There were 48 girls and 52 boys. Between these case, 53 patients turned out to be tyrosinemia by confirmatory and golden standard methods (sum of urine succynil acetone, blood tyrosine level, alpha-feto protein, clinical manifestation, liver biopsies and other paraclinical findings put together), and 47 patients had proven other diseases such as biliary atresia, CMV hepatitis, paucity of intrahepatic bile ducts, etc. The blood collected by a heel-stick was spotted on filter paper. Succinylacetone was extracted from residual blood spots with a solution of acetonitrile, formic acid, hydrazine hydrate and 5, 7-dioxooctanoic acid. The micro-titration plates were agitated gently and incubated at 37°C covered with aluminum foil. After 45 minutes the extract was transferred to a second plate, which was covered with aluminum foil, for spectrophotometric microassay ([@A4624REF4]). The result of the test was compared with the final diagnosis by chi-square test.

4. Results
==========

We tested 100 neonates, 53 of which were proven to have tyrosinemia and 47 patients had other diseases. [Table 1](#A4624TBL1){ref-type="table"} shows the demographic findings and frequency of these 100 neonates with various diseases and the results of the rapid screening test.

These patients had been presented with jaundice (40 patients), hepatosplenomegay (14 patients), and GI bleeding, coagulopathy, ascites, rickets, hypoglycemia and convulsion, generalized edema, etc.

###### Frequency of Diseases in the 100 Patients who Have Been Tested by Rapid Method

  Disease                                  Number   Gender   Age, d   SA Test Positive^[a](#A4624TBL1FN1){ref-type="table-fn"}^   SA Test Negative^[a](#A4624TBL1FN1){ref-type="table-fn"}^   
  ---------------------------------------- -------- -------- -------- ----------------------------------------------------------- ----------------------------------------------------------- -----------
  **Tyrosinemia**                          53       23       30       3 - 45                                                      51 (96.2)                                                   2 (3.8)
  **Biliary atresia**                      20       10       10       0.5 - 54                                                    6 (30)                                                      14 (70)
  **Paucity of intrahepatic bile ducts**   19       9        10       1 - 50                                                      7 (36.8)                                                    12 (63.2)
  **Glycogen storage disease**             2        1        1        120 - 180                                                   0                                                           2 (100)
  **Lipid storage disease**                2        1        1        90 - 150                                                    0                                                           2 (100)
  **CMV hepatitis**                        2        2        0        3 - 35                                                      1 (50)                                                      1 (50)
  **Galactosemia**                         2        2        0        0.5 - 32                                                    0                                                           2 (100)
  **Total**                                100      100      100      65 (65)                                                     35 (35)                                                     

^a^Values are expressed as No. (%).

Among the patients, there were 14 false positive tests and 2 false negative tests with the screening rapid method on dried blood. Among false positive cases, 6 cases were biliary atresia, 7 cases paucity of intrahepatic bile ducts, and 1 patient was proven to have neonatal CMV hepatitis.

According to above findings, this screening test has more false positive cases than false negatives (14 vs. 2), the sensitivity was 96.23%, specificity 71.43%, positive predictive value (PPV) 78.46%, and negative predictive value 94.59%.

5. Discussion
=============

Tyrosinemia type I (HT-1) is reported to affect 1 in every 100,000 to 120,000 babies worldwide; however in our center which is the largest referral center of liver diseases in South of Iran, the incidence seems to be much higher ([@A4624REF5]). It is an autosomal recessive disorder caused by mutations in the FAH gene that leads to deficiency of the fumarylacetoacetic hydrolase which is the last enzyme in the tyrosine degradation pathway ([@A4624REF6]).

The presence of succinyl acetone in urine or blood is the characteristic test for the diagnosis of tyrosinemia type I which if untreated and without liver transplantation, will be usually fatal before the age 10 years ([@A4624REF7]). Affected children may present with liver or kidney failure, neurological crisis, rickets, failure to thrive, and hepatocellular carcinoma ([@A4624REF8]). With early treatment and a few restrictions, most of the patients can survive with normal lives. The most popular treatment is composed of 2-(2-nitro-4-3 trifluoro-methylbenzoyl)-1, 3-cyclohexanedione (NTBC) and a diet low in tyrosine and phenylalanine. Therefore early diagnosis and therapy can be very crucial in improving outcome ([@A4624REF9]).

Newborn screening for HT1 is not widely available in most areas of the world, may be because it has been considered as an uncommon disease. However as it has been mentioned, diagnosis and early treatment with NTBC and diet can be life saving. There have been very few studies that have proven newborn screening by testing succinylacetone (SA) on blood spot ([@A4624REF10]). Children with HT1 are mostly asymptomatic in the first days of life, so newborn screening is the only way for early diagnosis and initiation of treatment ([@A4624REF11], [@A4624REF12]). Determination of blood tyrosine level is neither specific nor sensitive ([@A4624REF11]). So, in this study, we evaluated 100 newborns with different clinical presentations under the age of 3 months based on determination of succynil acetone in the dried spot blood from the heel. The cost of the test is low and it can be performed easily without specific instruments or skills. This test has also been studied by Schulze et al. in 2001 ([@A4624REF4]) with acceptable results. It is a qualitative test with less than 4 hours procedure. In our study the sensitivity of the test was higher than 95%, which is completely acceptable for being a screening test ([@A4624REF13]).

We suggest this qualitative test to be added in the screening program of neonates in Iran, because it can be easily performed without any additional sample in newborn screening program.
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